INTRODUCTION
The soil is a complex system constituted of living beings, minerals and organic particles, whose components define their physical, chemical and biological properties (OLIVEIRA, 2008) .
The soil fauna is invertebrate animals that present wide variety of size and are responsible for numerous soil functions (AQUINO, 2001) . It can be classified according to their size, mobility, eating habits and of the duties that they perform in the soil (CORREIA et al., 2000) .
The microfauna of the soil, whose body diameter is 4 m to 100 m acts directly and indirectly in nutrient cycling through ingestion of bacteria and fungi (SWIFT et al. 1979) .
The soil mesofauna is the organisms, which are between 100 m and 2 mm of body diameter, represented by mites and collembolas, being quite abundant in the soil and for do not pass 3mm in length serve as food for edaphic arthropods (SWIFT et al. 1979) .
The macrofauna components present body diameter between 2 mm and 20 mm, represented by termites (Isoptera), beetles (Coleoptera), cicadas and leafhoppers (Auchenorryncha), leafhopper and cricket (Orthoptera), spiders (Arachnida), woodlice (Isopoda), lice -snake (Diplopoda), mollusks (Mollusca), worms (Oligochaeta), ants (Hymenoptera), thumbtack (Heteroptera), thrips (Thysanoptera), butterflies and moths (Lepidoptera), flies and mosquitoes (Diptera), cockroaches (Blattodea), among others. They are responsible for homogenizing the soil and carry the opening galleries, theirs excretes modify their pore spaces (PRIMAVESI, 1999) , increasing the penetration of roots and the internal flow of air and water (OLIVEIRA, 2008) .
The meso and macrofauna mainly develop detritivorous and predatory functions. These functions can be associated with several processes such as nutrient cycling, soil revolving, incorporation of organic matter and biological control of soil pests (MELO et al., 2009) .
These organisms ingest a complex mixture of organic materials contributing to the state of soil aggregation, the excreta left in the land begin to become part of the aggregate structure serving to increase the water retention capacity, the aeration and the drainage, facilitating the penetration the roots and avoiding erosion (CORREIA, 2002) .
According to RODRIGUES (2010) , the soil fauna organisms contribute significantly to the evaluation of the soil quality and its functionality, as are intimately associated with the process of decomposition and nutrient cycling. Representing an important tool to assess soil recovery processes in degraded areas. The main characteristic of a good indicator is to be sensitive to change in land use, responding quickly the arising effects of the management changes (MERLIM, 2005) .
The preparation of the soil, itself, as fertilizing, liming, compaction, osmotic pressure, porosity, available nutrients, minerals, among others, may interfere in the diversity of soil fauna (BARETTA, 2007; CIVIDANTES et al., 2009 ).
The tillage system was introduced in Brazil in the early 1970s in the South Region. Today in Brazil, the agricultural area under Tillage system is approximately twenty-five million hectares, half of the cultivated area with the country's grain (DECHEN, 2007) .
This conservationist soil management system seeks to be a sustainable agricultural production, in which does not occur to the soil movement (SIQUEIRA, 2006) . Its initial aim was to control hydric erosion that has only become possible with the help of many collaborators (OLIVEIRA et al., 2002) .
It is characterized by the maintenance of straw left by the preceding harvest, reducing the rate of mineralization of organic matter, favoring of the biological activity in the control of pests and weeds and by an intensification of soil aggregation processes (SEIXAS, 2001) .
The sowing is made with appropriate machines that open furrows on the lines of planting, in which the seeds are deposited (AQUINO et al., 2008) , GODOY et al. (2007) , observed that the direct sowing system, when compared with the conventional tillage system, provides a higher density of saprophytic, geophagic and predators organisms of edaphic community, which can promote the control of several agricultural pests, and reduce the use of insecticides.
The spatial variability of soil organisms is still understudied and there are few works talking about it. In addition, the knowledge of the spatial variability of biological properties may indicate better alternatives for a sustainable soil management (RODRIGUES, 2010) .
The spatial variability of soil attributes is related to different factors such as: climate, relief, organisms' action, time, a variation of the source material, management techniques and soil genetic processes. Statistical methods such as: semivariogram, kriging has been used to study the spatial variability of soil attributes, taking into account the understanding of the processes of soilorganism interaction (SCHAFFRATH et al., 2007) . VIEIRA (2000) has demonstrated that in nearest locations amongst themselves are more similar than those that are further away.
In this sense, it is worth highlighting the importance of the monitoring the diversity of the soil fauna groups as well as their spatial variability that enables the knowledge of its dynamics and allows the development of biodiversity indicators and the use of the soil considering its ecological function.
This study aimed to determine the diversity and spatial variability of soil fauna in the consolidated direct sowing system in Campinas, São Paulo State (Brazil).
MATERIAL AND METHODS
The survey of soil fauna was conducted at the Experimental Center of the Agronomic Institute (IAC), Campinas, São Paulo (Brazil). Its location is between the coordinates: latitude 22° 53' South, longitude 47° 04' West, with an average altitude of 600 m and declivity of 6.5%.
According to the international climate classification of Köppen, the region of Campinas presents transition between climatic types Cwa and Cfa, in other words, tropical climate of altitude with dry winter and wet summer. With an average annual precipitation of 1,382 mm (ORTOLANI et al., 1995) . (SIQUEIRA, 2006) .
The soil of the area is a Eutroferric Red Latosol, with a clayey texture (EMBRAPA, 2006) , whose main chemical and physical characteristics are shown in Table 1 .
The slope of the area is about 6.5% with an average altitude of 650 m. The study area was divided into a regular grid of 10 m x 10 m, totalizing 302 sampling points, where was sampled the epigeal fauna of the soil ( Figure  1 ). The collection of epigeal soil fauna occurred in August 2010, coinciding with the tillage and winter harvest, with the cultivation of triticale (Triticum secale).
For the extraction of the individuals were used pitfall traps (BELT and OLIVEIRA, 2000) , which consists of a plastic container with approximately 9 cm in height and 8 cm in diameter which stays at ground level ( Figures 3 and 4) . The surface animals accidentally fall into the trap as they move. To minimize the damage caused by the rain or by the flow on the soil surface, a plastic cover was adapted.
Each trap remained in the field for a period of seven days, containing inside it 200 ml of formaldehyde at 4% so that the animals would not escape and were conserved, according to the procedures described by AQUINO (2001) . At the end of seven days period, the traps were removed from the field and the content was stored in vessels containing 70% of alcohol, for the conservation of the material during the identification and counting period. The vessels were identified with the number of each point, sampling area name, and date of collection. Next, the components of soil fauna were removed manually with tweezers aid. The contents of each collecting vessel were transferred, in the laboratory, for a petri dish, for identification, with the aid of a stereomicroscope, counted and separated into groups, order or family, if necessary. After identifying the number of individuals, the same were stored again in the collecting vessels and separated into groups, functionals according to SCIRO (1991) ; DINDAL (1990) ; GALLO et al.,(1988) .
In data analysis, was initially determined the total of individuals captured of each order or group. As the trap remained in the camp during for seven days, the values were divided by seven, presenting results of individuals per trap per day.
The richness is the measure that evaluates the number of species found in an area, and, in our case, was the number of groups or orders found, since the wildlife identification was carried out in the level of large taxonomic groups.
Subsequently were determined the biodiversity index and the spatial variability of soil fauna.
The diversity index was used to quantify the area diversity, taking into account the number of present groups and the relative abundance, for which used the ShannonWiener index. The Pielou index is a variation of Shannon index for the richness and values close to 1 indicate that the relative abundance of the groups is similar and values close to 0 indicate the dominance of some group.
To verify the spatial variability of the variables, the results were analyzed through geostatistical methods of semivariograms analysis, described by VIEIRA (2000), starting from the presupposition of stationarity of the intrinsic hypothesis. The spatial autocorrelation among neighbors sites was calculated by the semivariance ϒ(h).
According to VIEIRA (2000) , is expected measurements closely located be more alike each other than those separated by large distances. In this way, it is expected to increase ϒ(h) the distance h to a maximum value at which stabilizes at a correspondent level to the limit distance of spatial dependence, which is the range. Measurements located at distances greater than the range, have random distribution and, therefore, are independent of each other, for which the classical statistics can be applied.
Mathematical models were adjusted to semivariograms, which allow viewing the nature of the spatial variation of the variables. The criteria and procedures for semivariogram model adjustment are according to VIEIRA et al. (1983) . Of the adjustment of a mathematical model to the data, semivariogram parameters were defined: a) nugget effect (C0), which is a ϒ value when h=0; b) spatial dependence range (a), which is the distance whereby ϒ(h) remains approximately constant, after increasing with the increase of h; c) level (C0+C1) which is the value of ϒ(h) from the range and that gets closely from the data variance, if exists.
It was established the spatial dependence degree, which is the proportion of the nugget effect in relation to the level, and that, according to presents the following proportion: a) Strong for C0 < 25% of (C0 + C1); b) moderate for C0 = 25-75% of (C0 + C1); and c) weak for C0 > 75% of (C0 + C1). Was still used, the semivariogram scheduling, as a way of grouping the data to facilitate the interpretation, adopting, as scheduling factors, the variance of the data or the level of the adjusted model.
The result of the work was expressed in the form of spatial variability map and the manner of locate an isoline between two points will be by kriging interpolation, which according to VIEIRA et al. (1991) , guarantees that the construction of the maps be the best possible, because the estimates are made without trend and with minimum variance. The surfer software will be used for manipulation and visualization of the spatial distribution, through the construction of isolines map of the variables due to the geographic coordinates, in order to verify if variations happen between the sampling days, along the study period. (20), Thysanoptera (12), Diplura (6), Hirudinea (6) and Enchytraeidae (4).
RESULTS AND DISCUSSION
The variation coefficient values (CV, %) according to the classification of WARRICK and Nielsen (1980) are classified as: CV ≤ 12 %, low; CV 12,00-60,00 % mediums; CV ≥ 60 %, high. For this study, the following attributes presented high values of CV: Acari (94,20 %), Araneae (119,10 %), Coleoptera (140,95 %), Diptera (91,29 %), Entomobryomorpha (96,28 %), Formicidae (60,16 %), Heteroptera (122,23 %), Isoptera (139,91 %) and Coleoptera larvae (122,18 %). The other attributes had presented median coefficients of variation. RODRIGUES (2010) studying the epigeal soil fauna found the higher coefficient of variation values, however, this difference is due to the number of sample points. In this study, were employed 302 sampling points with a spacing of 10 m x 10 m (3.42 ha), while in the study of ROBERTS (2010) were sampled 92 points with a spacing of 5 m x 5 m (0.22 ha).
Regarding the nature of the data, were already expected high values of the coefficient of variation (CV%). According to WARRICK and NIELSEN (1980) the CV values for soil attributes can reach up to 1000% according to their nature. In the case of epigeal soil fauna, its distribution across the landscape is conditioned by several factors, such as: climate, soil, quality and amount of vegetable resource, human activity and type of management (LAVELLE, 1996) .
The Formicidae family presented the higher variance value (865.36), indicating that the presence of these animals in the traps varied considerably between the sampling points. Other groups also presented high variance values (Acari: 331.08; Coleoptera larvae: 157.22). ETTEMA and WARDLE (2002) describe that these differences are normal because the spatial aggregation is influenced by population intrinsic processes such as: reproduction, dispersion, and competition. On the other hand, it should also be considered the dominance between the species, as reported by TOLEDO (2003) . The skewness and kurtosis values for the groups of epigeal soil fauna in the study, demonstrate that all attributes had presented lognormal distribution frequency, following the criteria for CARVALHO et al. (2003) that related that the skewness and kurtosis values should be close to 0 and 3, respectively. The analysis of the average and median data demonstrated that there is no similarity between their values, corroborating for the data non-normality.
The biological diversity indicators (Table 3 ) presented a median coefficient of variation values (CV%). RODRIGUES (2010) studying the epigeal soil fauna also found median CV values for the biological diversity indicators (Shanon index, Pielou index, and Richness Average).
The average value of biological diversity of Shannon index is above of 1.00 indicating that the diversity of the _ epigeal soil fauna in the study area is high, as described by MAGURRAN (1989) and JACOBS et al. (2007) . The Shannon Index measures the degree of uncertainty in predicting to which species will belong a chosen individual, randomly, from a sample of S species and N individuals. The smaller the value of Shannon index, the lower the uncertainty degree and, therefore the diversity of the sample is low (MAGURRAN, 1989; KREBS, 1999; URAMOTO et al., 2005; JACOBS et al., 2007) .
TISSARO (2009) in a study of maize cultivated with direct sowing and different dosages of chemical fertilizer, found values of Shannon index around 0.9, these values lower than those found in this study (Table 3) . ALVES et al. (2006) studying the epigeal soil fauna in Campinas (SP) on the direct sowing system and the conventional system found biological diversity Shannon values around 1.57 for the direct sowing system and 1.21 for a conventional system. ALMEIDA et al. (2007) studying the soil fauna in direct sowing system influenced by liming, describe an average of 1.23 for the Shannon Index on the direct sowing system.
The equitability index of Pielou presented an average value of 0.635 demonstrating that the study area all species are equally abundant, describing this way the uniformity of individuals distribution among the existing species. According to CORREIA et al. (2006) , the Pielou index presents a range from 0 (minimum uniformity) to 1 (maximum uniformity). ALMEIDA et al. (2007) found values of Pielou Index in direct sowing system of around 1.45. ALVES et al. (2006) found a value of Pielou index of 1.64. Was verified that the values found in this study are lower than those previously found by the described authors.
The average Richness in this study by trap was of 6 individuals. ALMEIDA et al. (2007) found a richness of 12 individuals per trap being the samplings carried out in December 2005, during the summer season that favors the development of the epigeal soil fauna (CORREIA et al., 2006) . Furthermore, ALVES et al. (2006) studying the richness of the soil fauna in Campinas found values close to the average richness of the epigeal soil fauna sampled in the winter (11) and summer (10) in the direct sowing system.
Regarding the asymmetry and kurtosis data for the biological diversity of soil parameters under direct sowing in Campinas, as previously described by the classification of CARVALHO et al. (2003) the data presented lognormal frequency distribution.
According to ISAAKS and SRIVASTAVA (1989) the normality of the data is not an impediment to the use of geostatistics. Once that the most important than the data normality is that the same do not present trend, satisfying in this way the intrinsic hypothesis of geostatistics in relation to the stationarity, where all the data belong to the same population, or ranging around the average (SIQUEIRA, 2006) . According to ISAAKS and SRIVASTAVA (1989) the normality of the data is not an impediment to the use of geostatistics. Once that the most important than the data normality is that the same do not present trend, satisfying in this way the intrinsic hypothesis of geostatistics in relation to the stationarity, where all the data belong to the same population or ranging from the average. The presence of pure nugget effect indicates that the sampling was not enough to detect the spatial variability of these groups. We emphasize that many of these groups present aggregate behavior in the field, which explains the presence of pure nugget effect, indicating that to detect the spatial variability of these groups the spacing between the sampling points should be reduced. The Gaussian model was adjusted by the Isoptera group, while the other groups presented spatial dependence through the semivariogram were adjusted to the exponential model (Acari, Araneae, Coleoptera, Formicidae and Coleoptera larvae). According to ), VIEIRA (2000 and SMITH (2006) , the spherical model is most common for the soil properties. In this sense, we observed that the data nature itself in the study favors a greater dispersion and environmental interaction, unlike other physical and chemical soil parameters that vary over the landscape.
The greatest value of nugget effect (C0) was found for the family Formicidae and the lower nugget effect was described for the Coleoptera larvae. According to SMITH (2006) , the nugget effect values can be used as an indicator of the accuracy of an experiment. In this sense, it is noted that the presence of low nugget effect values confirms that the spacing used between samples was efficient to detect the spatial variability of these same groups in small scale.
The range values (a, m) ranged between 10.30 m (Aranae) to 89.00 m (Isoptera). The analysis of range values demonstrates that the spacing between used samples (10.00 x 10.00 m) cannot be increased because it would not guarantee the detection of the spatial variability for all groups were detected spatial dependence with the spacing used in this study.
The degree of spatial dependence among samples (DD,%) according to the classification of is low (0.00% -25.00%) for the following groups: Acari, Araneae, Formicidae and Coleoptera larvae, and only the Coleoptera order presented median degree of spatial dependence (25.00% -75. 00 %).
Regarding the biological diversity indexes of epigeal soil fauna, all the attributes presented spatial dependence through adjusted semivariogram. The Shannon index and Pielou index were adjusted to the exponential model and the average Richness to the Gaussian model The nugget effect values (C0) for biological diversity indexes of soil fauna to the attributes under study are low. Analyzing the range values (a, m), It is noticed that the biological diversity indexes of soil fauna (Table  5 ) presented values ranging between 38.00 m (Shannon Index) and 158.00 m (Pielou Index ). These values are considerably higher than the range values found for the groups of epigeal soil fauna in the study area.
The degree of spatial dependence among the samples (DD%) for biological diversity indexes of soil fauna are low for the Shannon index (1.20%) and for the average Richness (8.28%), and median the Pielou index (49.98%).
The spatial variability maps for the groups that presented spatial variability are given in Figure 3 . It is observed that with the exception of the Formicidae group (Figure 3d ) all other maps present great homogeneity in the study area. This fact proves the dominance of this class over the other groups, as demonstrated by the frequency number values and average data presented in Table 2 . According to RODRIGUES (2010) , the spatial distribution of Formidae group is related to the spatial distribution of level of organic carbon.
The maps of Aranae ( Figure 3b ) and Coleoptera (Figure 3d ) groups have a similar behavior, which is justified by the greater incidence of Aranae order in areas with higher incidence of Coleoptera, due to its predatory characteristic (PODGAISKI et al.; .
It is noticed also that the Coleoptera larvae (Figure 3f ) are mainly located on the left of the area, and having no similarity of spatial distribution with the maps of adult insects (Figure 3c ). Regarding the Isoptera order is possible to note that there is an aggregate pattern occurring in the study area. According to NUNES et al. (2009) , the Isoptera occur in areas with a decrease in organic matter. The maps of the variability of soil biological diversity indexes are given in Figure 4 . The Shannon Index (Figure 4a ) and the Pielou index (Figure 4b ) present similar spatial behavior, where we verified that zone with lower values of the Shannon Index coincide with the areas with lower values of Pielou index. This fact reiterates the idea that in the study area there is a wide diversity of groups, but its abundance is reduced.
The map of the Average Richness ( Figure  4c ) in the study area demonstrates that there is a relatively proportional distribution in all study area, once that are few areas with low average richness values. In addition, we proved that the richness map is highly influenced by the spatial distribution and the dominant incidence of family Formicidae.
CONCLUSIONS
The geostatistical had demonstrated to be a great tool for the mapping of spatial variability of epigeal soil fauna groups. The Formicidae family had demonstrated to be the most abundant and dominant group in the study area. The parameters of descriptive statistics have demonstrated that all the attributes in the study presented lognormal frequency distribution for the epigeal soil fauna groups. The exponential model that best adjusted to the data in the study, such for the epigeal soil fauna groups (Acari, Araneae, Coleoptera, Formicidae and Larva of Coleoptera), as for the biological diversity index (Shannon Index and Pielou Index). The sampling scheme (10,00m x 10,00m) was not enough to detect the spatial variability for all groups of epigeal soil fauna found in this study.
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